we knew h/m e . However, it is not known how to measure h/m e (or h) to the required accuracy. But, using remarkable techniques of atom interferometry with ultracold atoms, in particular caesium 6 and rubidium
, it is practical to measure Planck's constant divided by an atom's mass, h/m atom . This is obtained by measuring the recoil velocities of atoms that absorb and re-emit photons from a laser -hence the name photon-recoil method. In the case of rubidium, this has been done 7 to a precision of 1.3 parts per billion (p.p.b.). But then we need to convert between the masses m atom and m e . This is most accurately done using the relationship m atom /m e = A r (atom)/A r (e), where A r (atom) is the atomic mass of the atom used in the photon-recoil measurement, and A r (e) is the atomic mass of the electron -which is where Sturm and colleagues' new result comes in.
However, the connections between Sturm and colleagues' work and the magnetic moment of the electron do not end there. The authors do not measure the atomic mass of the electron directly. Instead, they do so through the magnetic moment of the 'bound electron' -more precisely, the magnetic moment of a hydrogen-like ion, in their case, 12 C 5+ , which is an electron bound to a nucleus of carbon. Using a single 12 C 5+ ion in a Penning trap, the authors actually measure the ratio of the frequency of microwaves that flip the electron spin to the frequency of the ion's cyclotron motion in the trap's magnetic field. Their methods, which extend previous work by their group 8 , share many of the Penning-trap techniques developed for the magnetic moment of the free electron 2, 9, 10 , and also for measuring the atomic masses of rubidium and caesium 11, 12 . And it is by combining their measured ratio with a theoretical calculation of the bound-electron magnetic moment -which is also based on QED 13 and, to a given order of QED, is much more challenging than for the free electron -that the authors derive the electron's atomic mass.
In fact, the existing value for A r (e) provided by the CODATA compilation of fundamental constants 4 has an uncertainty of 0.4 p.p.b., to be compared with the 1.3 p.p.b. uncertainty of h/m atom from the most precise photonrecoil measurements so far 7 
A R T H U R K A S E R & R I C H A R D S . B LU M B E R G
A single variation within the approximately six billion base pairs of human DNA is sufficient to magnify our risk of developing common complex diseases. For example, a single nucleotide change in the gene ATG16L1 is one of the strongest genetic risk factors for Crohn's disease 1 , a chronic inflammatory disease of the digestive tract 2 . On page 456 of this issue, Murthy et al. 3 reveal a fascinating twist in the story of how this variant, which is present in more than 50% of the Caucasian population, may contribute to the disease. The authors report that the altered ATG16L1 protein, which contains the substitution of an alanine amino-acid residue for a threonine at position 300 (T300A), is susceptible to cleavage by the enzyme caspase 3, which is activated when a cell senses stress.
Like all complex disorders, Crohn's disease emerges on a background of many genetic 4 and -mainly unknown -environmental factors. In Crohn's disease, these factors interact to disrupt the homeostasis between resident gut microorganisms, the epithelial layer lining the intestine and the immune system, resulting in chronic intestinal inflammation 2 . The identification 1 of the T300A-encoding variant of ATG16L1 as a risk factor for the disease hinted at a role for autophagy in this inflammatory response.
Autophagy (or 'self-eating') is a process whereby intracellular content, such as organelles or macromolecules, are engulfed by double-membrane structures called autophagosomes -ATG16L1 has a crucial role in the formation of autophagosomes 5 . These vesicles then fuse with other vesicles, lysosomes, which contain enzymes that degrade the contents 6 . Autophagy is a response to starvation that allows the cell to catabolize its contents to regenerate basic cellular building blocks, including amino acids and macromolecules. But the process has also been co-opted for other biological functions, such as the degradation of intracellular pathogens, report their identification of large yields of highly oxygenated compounds when volatile organic compounds emitted from biological sources are exposed to atmospherically relevant conditions. This observation may help to close the gap between the measured mass of organic aerosol particles in the atmosphere and that predicted by models. It might also forge a mechanistic link between biogenic volatile organic compounds and the formation of aerosol particles, and provide insight into one of the main climate feedback cycles.
Organic aerosol particles are widespread in the global atmosphere 2 . They consist of primary particles, which are emitted directly into the atmosphere, and secondary particles, which form from the oxidation products of anthropogenic and biogenic volatile organic compounds. In the overall aerosol budget, the contribution of secondary particles that form from the oxidation of natural plant emissions is complex and highly uncertain. Secondary organic aerosol (SOA) probably dominates primary aerosol and, in some conditions, biogenic sources have been estimated 3 to contribute up to 90% of SOA.
Understanding the roles of naturally occurring atmospheric particles in the climate system has proved difficult. Because of mechanistic uncertainties, 'bottom-up' models that predict the concentrations of atmospheric aerosol particles by explicitly describing the emission and oxidation of their precursors have long been unable to predict the observed mass of SOA. Geographically widespread, long-term observations of high numbers of ultrafine called xenophagy. Consequently, autophagy is involved in several diseases 6 , but the ATG16L1 T300A variant is associated only with Crohn's disease.
Caspases are endoproteases that hydrolyse peptide bonds at specific sequences 7 . Depending on the target protein, this can lead to the protein's destruction or to the generation of an active protein. Active caspase 3 is required for the cellular signalling pathway that leads to apoptotic cell death; this pathway is initiated by the activity of other caspases that respond to signals from cell-surface death receptors or irreparable organelle dysfunction. Caspase-3 activity during apoptosis irreversibly sets in motion a sequence of events that leads to the demise of the cell. By contrast, low-level caspase-3 activity that is insufficient to trigger apoptosis has homeostatic and protective functions, including guarding stressed organs against cell death 8 . Through clever alignment of the ATG16L1 protein sequence from several species, Murthy et al. predicted and then directly demonstrated that the T300A variant protein (or the equivalent variant in mice, T316A) was highly sensitive to cleavage by caspase 3 (Fig. 1) . The authors also show that, in human cells carrying the ATG16L1 T300A risk variant, signalling initiated by binding of the protein tumour-necrosis factor-α (TNF-α) to its cell-surface receptor (a death receptor), cellular stress caused by starvation, or infection with the pathogenic gut bacterium Yersinia enterocolitica all resulted in caspase-3-dependent degradation of ATG16L1
T300A
, and consequently in impaired autophagy and xenophagy responses to these stresses. In the case of Y. enterocolitica infection, there was also an increased production of inflammatory cytokine proteins, such as interleukin-1β and TNF-α, in mice engineered to express the ATG16L1 T316A variant. In stark contrast, the authors show that autophagosome formation was not impaired by the presence of ATG16L1 T300A when autophagy was directly induced without caspase-3 activation. These findings suggest that the ATG16L1 T300A risk variant, through its sensitivity to caspase-3-mediated cleavage, disables a host's ability to properly respond to environmental challenges that require a compensatory autophagy response. Such challenges may include infections, inflammatory stimuli and metabolic disturbances, all of which induce autophagy to remove pathogens or inflammatory organelles (such as inflammasomes 5 ) and to provide nutrients to overcome and survive cellular stress. Caspase 3 is commonly activated during these stress conditions.
The cellular state known as endoplasmic reticulum (ER) stress can also activate both caspase 3 and autophagy, and is commonly observed in intestinal epithelial cells of individuals with Crohn's disease 9 . Previous studies in mice 10 showed that loss of
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Involatile particles from rapid oxidation
How tiny aerosol particles form and grow from vapours produced by vegetation has been a mystery. The finding that highly oxygenated products form directly from volatile organic compounds may offer the solution. See Letter p.476 compensatory autophagy in ER-stressed intestinal epi thelium, owing to deletion of the Atg16l1 gene, results in Crohn's-diseaselike inflammation of the small intestine. The identification of the sensitivity of this protein variant to caspase-3-mediated destruction may provide insight into how specific environmental exposures convert genetic disease risk into clinical symptoms. Murthy and colleagues' study also helps to integrate other observations from work on Crohn's disease. For example, caspase-3 activation can be regulated by inhibitor-of-apoptosis proteins such as XIAP, variants of which are the cause of a single-gene form of Crohn's disease 11 . XIAP, in turn, directly interacts with other proteins involved in microbial sensing that are associated with genetic risk for Crohn's disease 4, 11 , including RIPK2 and NOD2. The new data might also help to explain why agents targeting TNF-α are highly effective therapies for Crohn's disease 2 -in light of the authors' Y. enterocolitica infection studies, it seems plausible that TNF-α fuels an inflammatory feed-forward loop by inducing caspase-3-mediated degradation of ATG16L1
T300A
, which in turn results in increased TNF-α secretion. Although further studies are necessary to test the authors' biochemical and cellular observations in animal models and patients with Crohn's disease, their observations provide an appealing and integrating hypothesis for how this common genetic element engenders disease risk. ■
